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I. 
Most animals easily became adapted to their sensory environment. 
The initial effect of a  stimulating agent is to  elicit a  characteristic 
response.  If  the  stimulation  is  maintained,  the  organism  very 
quickly comes into sensory equilibrium with it.  Again to elicit the 
characteristic response of the organism, it is necessary now to increase 
the intensity of the stimulating agent.  The extent of this increase 
varies with the adapting intensity, and may be considered a measure 
of the animal's sensitivity.  Therefore, with each condition of  sen- 
sory  equilibrium,  there is  associated  a  degree  of  sensitivity  which 
corresponds to the magnitude of the environmental agent  producing 
the equilibrium state.  The present paper contains a  study of this 
quantitative aspect of sensory adaptation. 
II. 
1.  The clam, Mya arenaria, exhibits the features of sensory  adapta- 
tion in a simple manner.  If exposed to light, it responds by the retrac- 
tion of its photosensitive siphons.  If the exposure is continued, no 
additional response is elicited, and the animal becomes adapted.  To 
produce a  response again, it is necessary to increase the intensity of 
the light.  The response which occurs is of the same nature as before, 
and  if  the intensity is  maintained, is  immediately followed by  the 
adaptation of the animal. 
Consider this from a slightly different angle.  Let Mya be adapted 
to a light of intensity I.  A slight increase in this intensity produces 
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no response on the part of the animal.  However, there can be found 
an  increase in  intensity,  4I,  which  when  added,  will just  elicit  a 
AI 
response.  The ratio -~ may be considered as a measur~ of the differ- 
ential sensitivity of Mya at the intensity I. 
2.  The ratio~---~ as a  measure of  differential sensitivity in  human 
sense organs has had an interesting history, of which only the major 
aspect is pertinent at this point.  Weber (1834)  first pointed out that 
41 
for the sense of touch -/- seems to possess  a  constant value regard- 
less  of  variations  in  I.  Other  investigators  soon  found  a  similar 
4I 
constancy of-~-  for  other  senses,  particularly  for  vision.  Fechner 
M 
(1858)  after assuming that the ratio -~- represents a unitary value in 
(AS) integrated the function AS =  k -~ and enunciated his  sensation 
famous psychophysical law that the sensation is proportional to  the 
logarithm of the intensity of the stimulus.  It is sufficient merely to 
add  that careful experiments such as those of Koenig and Brodhun 
(1889) with the human eye have long ago shown that the ratio -~, far 
from being constant, varies in a perfectly definite way.  At low inten- 
sities it is large; at moderate intensities it drops to less than a thirtieth 
of its original value; and at high intensities it again increases to several 
times its lowest value. 
The theoretical significance of these regular changes in the value of 
A/for the eye is at present unknown.  This is not unexpected if we 
I 
recall that changes in intensity affect not only the two visual mecha- 
nL~,ms--the rods and the cones--in the retina, but the pupillary mecha- 
nism in the iris as well.  Such complications do not exist in the sensory 
M 
mechanism of Mya.  The behavior of the ratio ~- should  therefore 
be amenable to theoretical analysis in terms of what has already been 
described as  the physicochemical nature of the photosensory mecha- 
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III. 
1.  The method of securing the experimental values of ~  deserves 
careful consideration.  The values of the adapting intensity, I, are 
secured simply by exposing an animal to  a  400 watt,  concentrated 
filament Mazda lamp, the light from which is varied in intensity by 
the  interposition  of  neutral  screens  of  different  absorbing  powers. 
The  obvious method of  obtaining  the  discriminable  increment AI 
is to determine the minimum increase in intensity which will just elicit 
a  response.  There are,  however,  two  objections to  this procedure. 
First,  it requires an illumination which can be  varied continuously 
and quantitatively over a large range.  This, though difficult, is not 
impossible.  Second, the method involves the judgment of a response 
which is barely perceptible, and calls for repeated tests of the effective- 
ness of slightly lower or slightly higher intensities.  Since at least 5 
minutes must  be  allowed  between  tests  with Mya, the procedure, 
aside from not being clean cut, becomes very tedious and time-con- 
suming.  I  therefore adopted a radically different method. 
We know that the reaction time of Mya to light varies inversely as 
the logarithm of the intensity (Hecht, 1919-20, b).  By determining 
this  relationship  for  an  animal  adapted  to  each  intensity,  we  can 
secure values of aI which represent the intensity added to produce 
a given response in a given reaction time.  Thus, instead of recording 
the discrimination of Mya between one intensity and the next barely 
perceptible one, we can with ease find the added intensity necessary 
for Mya to discriminate with any degree of magnitude, depending on 
the  time  required  to  produce  a  response.  Moreover,  the  relation 
between log I  and the reaction time is easily established graphically 
from  as  few  as  three points.  This makes  it  possible  to carry one 
animal through a whole series of adaptations in a single day, and still 
leave half an hour for it to remain in the dark between adaptations. 
2.  The  experimental procedure is then  as  follows.  An animal  is 
exposed to light of a  given intensity, the position of the animal and 
the light being given in Fig. 1.  Though it becomes adapted in a few 
seconds,  it is  allowed  to  remain  exposed for  15  minutes.  At  this 
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tion time of the animal measured with a  stop-watch.  The stimulat- 
ing light is then immediately shut off, and the animal remains exposed 
to the adapting light alone for 5 minutes.  After this period the stimu- 
lating light, but at a different intensity, is again added, and the reac- 
tion of time of the animal measured.  After another rest of 5 minutes 
during which the animal again remains exposed to the adapting light 
only,  the  stimulation  is  again  repeated  but  with  a  still  different 
intensity and the reaction time measured. 
After these three readings have been obtained, the animal is removed 
and kept in the dark for half an hour.  It is then exposed  to  a differ- 
ent adapting intensity, and three readings made of the reaction time 
5 
FIG. 1. Arrangement  of apparatus.  The animal in the dish, D, rests on the 
table, B, where it is illuminated by the adapting light, A, and by the stimulating 
light, S.  The intensity of the light reaching the animal is controlled by filters 
placed in the holders, F1 and F2.  Exposure to the stimulating light is effected by 
the shutter, T. 
to three intensities of the stimulating light.  A half hour in the dark 
follows, after which a  still different adaptation intensity is used.  In 
this way  the process is repeated until all  the  adaptation  intensities 
have been run through.  The order in which the adapting intensities 
are used is purely chance. 
3.  The intensities of the adapting and stimulating lights are varied 
by means of neutral filters made from uniformly fogged photographic 
plates of varying density.  After proper mounting they were carefully 
calibrated photometrically and spectrophotometrically to insure their 
non-selectivity  for  any  part  of  the  spectrum.  I  find  these  filters 
superior  in  the  latter  respect  to  the "neutral"  filters  of  commerce, SELIG  HECHT  359 
individual examples of which have upon examination  been found far 
from non-selective.  The exposure to the stimulating light is controlled 
by a  shutter. 
TABLE  I. 
Relation  between Stimulating Intensity and Reaction Time at Different Adaptation 
Intensities. 
Adaptation intensity.  Stimulating  intensity.  Reaction time. 
meter candles 
0 
0.574 
2.38 
8.57 
35.4 
73.7 
412.5 
1,100 
meter candles 
2.34 
5.73 
44.3 
18.1 
44.3 
239.8 
63.8 
239.8 
435. 
~.8 
239.8 
435. 
120.2 
239.8 
1,286. 
239.8 
435. 
1,286. 
435. 
1,286. 
2,836. 
1,286. 
2,836. 
6,950. 
$~. 
2.84 
2.49 
2.04 
2.86 
2.51 
2.05 
2.57 
2.16 
2.02 
2.89 
2.27 
2.09 
2.87 
2.44 
1.92 
3.02 
2.39 
2.08 
2.95 
2.27 
2.06 
2.98 
2.32 
2.13 
Care must be exercised in the control of the temperature because of 
the prolonged exposure to strong lights.  A  constant  temperature  to 
within  0.5°C.  was maintained  by adding  cold or warm  sea water  as 360  INTENSITY  DISCR.I~INATION 
necessary,  and  by  frequent  changes  of  the  sea  water  in  the  dishes 
during  the  half hour dark period.  The  average temperature for all 
the final experiments is 19.1°C. 
IV. 
1.  A  large number of preliminary experiments  ~ were occupied with 
determining the proper adapting and stimulating intensities required 
to cover a  large range of adaptation illuminations compatible with a 
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FIG. 2. Data showing the relation between stimulation intensity and reaction 
time at different adaptation intensifies:  Each point is the average of ten meas- 
urements, one each with ten animals. 
convenient  range  of  reactions  to  the stimulating  light.  After this, 
a final series of measurements was made with ten individuals under the 
chosen  conditions  of adaptation,  stimulation,  rest,  and  temperature. 
These experiments were made at the Marine Biological Laboratory at Woods 
Hole during the summer of 1923.  I  wish to express my thanks to the Director, 
Dr. Frank R. Lillie, for placing laboratory space at my disposal. SELIG  HECHT  361 
The results are given in Table I, where the values of the reaction time 
in the third column are averages of ten measurements, one with each 
animal.  The results are shown graphically in Fig. 2.  It is apparent 
that  they are  uniform and  smooth  and  are  therefore amenable  to 
quantitative analysis. 
2.  To  derive  from  these  data  quantities  which will  describe  the 
differential sensitivity of Mya,  it  is  necessary to  find values of M 
which represent the  same degree of discrimination at  the different 
adaptation  intensities.  I  have  chosen  three levels of the reaction 
time at which to compare M  at different values of I, viz. 2.1, 2.5, and 
TABLE  II. 
"AI 
The Discriminable  Increment AI and the Ratio  "7" for Three Values of the Reaction 
Time at Different Adaptation Intensities. 
Reaction  time  =  2.1 sec.  Reaction  time  =  2.3 sec.  Reaction  time  ffi 2.9 sec. 
Adaptation 
intensity. 
m.¢. 
0 
0.574 
2.38 
8.57  420. 
35.4  612. 
73.7  1,084. 
412.5  2,355. 
1,100.  10,230. 
A!  A! 
I 
m.~ 
29.9 
194.1  338.2 
307.  129.0 
49.0 
17.3 
14.7 
5.71 
9.30 
I 
m.C. 
5.48 
45.7  79.6 
77.3  32.4 
132.4  15.4 
210.  5.93 
363.  4.93 
780.  1.89 
2,046.  1.86 
A! 
m.c, 
2. 
16. 
28. 
63. 
116. 
252. 
457. 
1,346, 
AI 
I 
28.2 
11.8 
7.35 
3.30 
3.42 
1.11 
1.22 
2.9  seconds,  because  these  represent  the  closest  approach  to  most 
of  the  experimentally determined  data.  For  this  purpose  I  have 
plotted the experimental results of Table I and Fig. 2, on a large scale 
and have read off the value of the stimulating intensity (AI) from the 
smooth curves at  the three points noted.  The results are given in 
Table II.  It is apparent that as the adaptation intensity I  increases, 
the stimulating intensity M  which represents a  given discrimination 
by Mya also increases. 
3.  Of interest to us at present, however, is not so much the absolute 
values of z~J as  their values relative to  the adaptation intensity, I, 362  INTENSITY  DISCRIMINATION 
in  other  words  the  ratio -~-.  This  ratio is therefore also  given in 
AI 
Table II.  It is apparent at once that I- is far  from constant.  For 
two  closely similar intensities like 35.4  and  73.7  meter  candles,  the 
ratio may be considered roughly constant.  But over any reasonable 
0 
2.3 
/ 
¢ 
-!  0  I  2  3 
lo_.q f 
FIo. 3.  Curves showing  relation between log I and log ~-.  It is apparent that 
a/ 
the ratio 7- is never constant, but varies in a definite  manner with I, first decreas- 
ing and then increasing. 
AI  range ~- shows no constancy.  What is more significant, however, is 
that its mode of variation is regular and the same in all three series. 
I  have determined the values of AI and also of  /  for  reaction times 
of 2.3  and 2.7  seconds as well.  These also show the same course of 
M 
the values of ~-. 
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In  order  to  demonstrate precisely how  this  ratio  varies,  I  have 
plotted  its values  in  Fig.  3, including the  data  for  all five reaction 
times.  To get them all on a single graph and to bring out their simi- 
M 
larities, I  have plotted log ~- instead of the ratio itself.  Two things 
are strikingly apparent from Fig. 3.  First,  the mode of variation of 
M  is the same for the five sets of data.•  Hence an adequate analysis 
I 
of one of them is sufficient for all.  Second, there is no tendency of A  I 
I 
ever to be constant.  As I  increases, ~  steadily  decreases to a  mini- 
mum  after which it begins to rise.  It follows that if I  were further 
M 
increased, ~- would increase still more.  It was not possible  to  carry 
the experiments any further because of the lack of lights of sufficient 
intensity.  Calculation  shows  that  with  an  adaptation  intensity  of 
3,000 m.c.,  the  stimulating intensity  to  produce  a  response  in  2.1 
seconds would have to be about 80,000 m.c.--an  intensity  obviously 
difficult to handle. 
4.  From these data it must be  clear  that  all notions based  on the 
constancy of -7' such as the application of the Weber-Fechner law to 
animal responses, rest on an uncertain foundation and must be viewed 
with skepticism.  The matter, however, cuts even deeper than that. 
The Weber-Fechner law itself is by no means invulnerable.  Koenig 
and Brodhun's (1889) classic experiments have long ago demonstrated 
AI 
that the ratio -~- for the eye is not constant.  Fig. 4 gives the data of 
one of their experiments with the effect of white light on  Brodhun's 
AI 
eye.  The way in which -7 varies is obvious.  To emphasize the sig- 
nificance of the present experiments with Mya, I  have drawn in Fig. 
AI 
5  the data  taken from Column 3  of  Table II showing how~-  itself 
(not log -~ as in Fig. 3) varies with I.  It is only necessary to compare 364  INT~NSII'Y  DISCRIMINATION 
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FIG. 4.  Relation between "T and log I  for the human eye.  The data are from 
an experiment by Koenlg and Brodhun (1889).  Compare this with Fig. 5. 
Figs. 4 and 5 to realize the importance of a proper analysis of the data 
with Mya and  their consequences for the general  physiology of sense 
organs  and  other  irritable  tissues.  It  is  to  this  analysis  that  we 
must turn now. SELIG  HECHT  365 
Joo 
25o 
I  200 
"~ IO0 
c~ 
1 
5~ 
\ 
0 
Zoaarithm oj  r QdapHnjo intensi~ 
and log I  for Mya.  Comparison with  Fig. 4  FIG.  5. Relation between 
giving this relation for the human eye shows how essentially similar the two sets 
of data are. 
v. 
1.  On  the basis  of varied evidence I  have already shown  (Hecht, 
1919-20,  a)  that the initial event in  the reception of light by Mya 366  INTENSITY  DISCRIMINATION 
is determined by a system which for convenience may be written as a 
reversible photochemical reaction 
light 
s  ~  P +  .4  (1) 
"dark" 
in which S is the sensitive material and 39 and A  are its precursors as 
well as its products of decomposition.  In order to produce a  given 
sensory effect it is necessary to form a definite amount of fresh P  and 
A  by  the  photolysis  of  S.  Careful  examination  has  proven  that 
for a given effect this amount is constant, regardless of the initial con- 
centration of S, P, and A in the system.  These latter merely control 
the quantity of light energy necessary to produce this amount of photo- 
chemical decomposition, but do not influence its magnitude.  (Hecht, 
1922-23, c). 
Consider the system S ~  P  +  A  under the influence of light of the 
intensity, I.  Let a  be the total concentration of S  before any of it 
has been changed.  Let the reaction proceed so that x units of P  and 
A have been formed.  The velocity vl of  the photochemical reaction 
S --+ P  +  A alone will be proportional to the concentration (a -  x) of S, 
and to  the  intensity I, so that 
v~ =  kz I.(a- x).  (2) 
As soon as some P  and A  are  formed they will  reunite  to  form S 
according to the reaction P  +  A  --* S.  The velocity v~ of this reaction 
will be independent of the light, but will be proportional to the con- 
centrations of P  and A, so that 
v~  =  k~ x ~.  (3) 
As the light is maintained, vl will decrease and v2 will increase, until 
the two velocities will balance each other, vl will equal v~ and the sys- 
tem will  come into  a  stationary  state.  No  fresh P  and A  will  be 
formed by the action of light,  and hence the organism will not be 
stimulated and the animal will become adapted.  Since vl  =  v2, then 
klI(a--  x)  =  k~x  2 
kl 
and, writing ~  =  K, we get 
~t 
KI  -  (4) 
a  --x SELIG  HECHT  367 
as the equation of the stationary state underlying sensory equilibrium 
in Mya.  This entire process is complete in a  few  seconds, because 
Mya becomes adapted almost immediately after giving its character- 
istic response. 
2.  Equation  (4)  has only two variables,  the intensity, I, and the 
concentration, x,  of P  and A.  Since I  is the independent variable, 
it is  clear that  sensory  equilibrium  is  a  state  which  is  controlled 
not by the animal, but by the environmental stimulus.  ~  On this basis 
there would seem to be an infinite number of stationary states  cor- 
responding to  the infinite number of gradations in  the value  of I. 
This is undoubtedly true, because it is possible to adapt Mya to any 
intensity, between complete darkness and the brightest sunlight. 
However, it is also true that a certain addition (aI) is necessary to 
a given adaptation intensity, I, before a response of definite magnitude 
takes place.  We know that to produce a  given response, the light 
must produce a  constant amount of fresh P  and A.  Therefore, it 
should be true that the organism is capable of distinguishing between 
the two stationary states produced by two intensities only when the 
transition from one to the other involves a  constant increment in the 
concentration of P  and A  in the sensory system.  It is this proposi- 
tion which must be tested and borne out by the data we have secured 
with Mya. 
VI. 
1.  Consider the initial adaptation intensity, I,  the discrimination 
increment (or stimulating intensity), AI, and the final total intensity, 
I  +  Ai  r, to which the animal becomes adapted immediately after re- 
sponding to it.  Let xl be the concentration of P  and A  at the sta- 
tionary state produced by the initial adapting intensity I, so that 
KZ =  --.  (S) 
~  Xl 
Also let x2 be the concentration of P and A  at the stationary state 
resulting from the final intensity, I  +  M', so that 
K  (l +  M)  -- a  -- xt"  (6) 
: Cf. Hecht (1922-23, c), p. 575 et seq. 368  INTENSITY  DISCRIMINATION 
It is clear that the transition from the stationary state represented by 
equation (5) to the stationary state given by equation (6) involves two 
things.  First,  it involves an increase in  concentration of P  and A 
equal to x~  -  x~.  Second, it involves a response of a definite magni- 
tude on the part of the animal.  Since a given response always requires 
TABLE  III.* 
Photochemical Decomposition Produced in Transition from Stationary State Caused 
by Initial Adapting Intensity to Stationary  State  Caused by Final Intensity. 
The  Latter  Is  Composed of  Initial  Intensity  Plus  Added  Stimulating 
Intensity.  K  =  O. 1 
Initial intensity.  Conc. of P +  A.  Final intensity.  Conc. of P +  A.  Increase in conc. 
I  xt  I+  AI  x2  x~--xt 
m.c. 
O. 574 
2.38 
8.57 
35.4 
73.7 
412.5 
1,100. 
10el C~nt 
2.4 
4.8 
8.8 
17.1 
23.7 
46.8 
63.4 
194.7 
309.4 
428.6 
647.4 
1,158. 
2,768. 
11,330. 
per cenl 
35.4 
42.3 
47.5 
54.3 
64.3 
78.0 
92.5 
per cent 
33.0 
37.5 
38.7 
37.2 
40.6 
31.2 
29.1 
Average  .........................................................  35.3 
* The change from complete dark adaptation  (I  =  0)  to the  stimulating inten- 
sity (I  +  M  =  29.9)  is not included here.  In this case x~.  -  xl  =  15.9, a  value 
obviously much less than those found when the initial condition is a light adapta- 
tion stationary state.  This phenomenon, which is at present obscure, has already 
appeared  under  similar  conditions  previously (cf. Hecht,  1922-23,  c,  Tables III 
and IV). 
the same amount of freshly formed P and A it follows that the values of 
x2  -  xl must be the same no matter what the experimental values of 
I  and AI happen to be. 
In Table III are given the results of the calculations for the first set 
of data presented in Table II.  It is clear that the calculations support 
strikingly the requirement that x2  -  xl be constant.  The values of 
x~  -  xx vary to a certain extent among themselves in what may be a 
regular way, so that perhaps a small additional factor may be involved 
in their determination.  But  considering that  the  adaptation inten- 
sity varies between 0.5 and 1,100  m.c.  and  the stimulating intensity SELIG HECHT  369 
between 200 and  10,000  m.c., a  variation of about  10 per cent is of 
little consequence to the fundamental conclusion of constancy.  8 
2.  It  may be worth  while  to  point  out  that  computation  of the 
other sets of data given in Table II shows essentially the same agree- 
ment as given in Table III.  This is of course to be expected from the 
similarities in the behavior of the five sets of data as shown in Fig. 3, 
since theyare all derived from the same series of experiments.  Because 
the magnitudes of A/  are progressively less  as  the  chosen  reaction 
time increases,  the value of x2  -  xl for each set is  correspondingly 
smaller.  Similarly  the  value  of the constant K  changes somewhat 
from one series  to  another,  though the reason for this is not quite 
dear. 
However,  the  salient  and  significant  point  in  these  calculations 
is  that  they prove  the deductions from the original assumptions  of 
the photosensory mechanism in Mya.  For this animal to show the 
same degree of discrimination between two  intensities,  I  and I  + 
AI, there must be decomposed in the sensory system S  ~  P  +  A  a 
constant  amount of S.  This  constant  amount is  produced by  the 
light,  regardless of the way in which the required amount of added 
light, aI, varies in relation to the original amount of light, I. 
VII. 
1.  Having established this, it becomes clear not only why the ratio 
M 
Tcannot be constant as required by the Weber-Fechner law, but why 
8 The equation of the stationary state  as derived in this paper depends on the 
assumption that the photochemical system absorbs light weakly.  It is apparent 
that  this  is  an  approximation  which  will  hold  over only a  moderate  range  of 
intensities,  and  consequently a  variation  in  x2 -xl  is  to  be  expected  on  this 
ground.  Certain it is that an analysis of similar data in terms of the assumption 
of strong absorption (which is mathematically  the  same as if  the  concentration 
of S  is  so large as not  to change noticeably)  does not  accord with  the  experi- 
mental facts (Hecht  (1922-23, c), p. 563  el seq.).  It is probable that an*assump- 
tion of moderate absorption would account for the data better than one of weak 
absorption.  However,  since  the variation  in  x2-  xl  is  comparatively  small,  I 
have avoided presenting the more complex mathematical considerations involved 
in  the  assumption  of moderate  absorption.  Eventually such  an  analysis  may 
have to be made, especially in the study of the sensitivity of the eye,  in which 
the intensity range is very great. 370  INTENSITY  DISCRIMINATION 
log I  and x, and between log I  and  (a -x). 
/oo 
it must vary as it does.  Consider 
~2 
KI=  a--X 
the  equation  of  the  stationary  state  of  the  reaction S  ~  P  -k  A. 
Assuming any value of K, one can compute x for a series of intenalties, 
I.  Using K  =  0.1  as we have found it in these experiments and in 
previous ones with Mya,* I  have plotted in Fig. 6 the relation between 
K, being a  constant, has 
0 
-/.o  o 
~0 
60 
C  i 
I  .o 
~o~ 
~~  /OO 
~o  2.o  3.o  ,~.o  ~o 
Logarithm  of  /ntwn3/t~ 
Fie. 6.  Concentration of S and P  q- A at the stationary state produced at any 
intensity.  Note that between x  =  20, and x  =  90, the photochemical  effect is 
practically proportional to the logarithm of the intensity. 
no influence on the nature of the equation, and hence none on the shape 
of the curve; it controls the units  in which I  is given and  therefore 
merely determines the position of the curve on the axis of abscissae. 
Take any point  on the  curve.  It will  correspond to a  stationary 
state at a given value of I.  To produce a response corresponding to  a 
certain  intensity  discrimination,  the  concentration  of  P  -t-A,  xl, 
will have to move vertically downward a  constant distance to a  con. 
* Hecht (1922-23, c), p. 570. SELIG HECHT  371 
centration x2.  Note the behavior  of log AI, as  the  value  of  x pro- 
gresses downward by  regular increments equal to x, -  xl.  Log A/is 
at first large, then it decreases regularly until it reaches a minimum at 
about x  -- 60 per cent concentration of P  and A, when it again begins 
to increase steadily.  Below x  =  60, log A/steadily decreases as log I 
increases,  whereas  after  that point log M  increases also, but always 
faster than log I.  Beginning at the top of the curve, the  difference 
between log AI and log I  will at first decrease, and after about x  =  60 
AI 
will begin  to increase.  The ratio -~-  is determined by  the  value log 
AI -  log I; therefore, this ratio cannot be constant for Mya, but must 
decrease with increasing initial intensity, and after passing through a 
minimum, must increase with increasing intensity. 
For purposes of approximation the central part of the curve in Fig. 
6,  say between 20 and 90  per cent  concentration  of P  and  A, may 
without great error be considered a straight line.  In this range, then, 
the concentration of P  and A  produced by the light is proportional to 
the logarithm of the intensity, an experimental verification of which 
already exists (Hecht 1919-20, b).  Even if the central part be treated 
as a  straight line, it also follows that/cannot  possibly be constant. 
The value log I  increases steadily, whereas log AI is constant.  There- 
AI 
fore, log M  -  log I  or log ~- must steadily decrease in value until the 
AI 
straight line approximation no longer holds and -~ begins to increase. 
AI  In any event the fact cannot be gainsaid that the ratio ~- not only 
cannot be constant as demanded by Weber's law, but for Mya at least 
must vary in a definite manner, as indeed it does. 
2.  An interesting point is apparent from equation (4) of the station- 
ary state.  What is the intensity required for the complete decom- 
position of S?  In this case a-x  =  0, which then gives that I  =  oo. 
This means that not only can Mya become adapted to any intensity 
of light, but that even at the highest intensities it will still retain a 
certain  degree of sensitivity.  Both  these  consequences are  in  con- 
formity with the known experimental facts. 372  INTENSITY  DISCRIMINATION 
The  quantitative  behavior  of Mya with regard to light as demon- 
strated under the significant conditions  treated in this paper,  there- 
fore, follows logically from the properties of the photochemical system 
which we have assumed to represent its sense organ for the reception 
of light.  In addition the analysis of the experiments has laid a basis 
for  the  investigation  of  the  nature  of  intensity  discrimination in 
more complicated systems like the eye. 
SUMMARY. 
1.  A  method of experimentation is described which enables one to 
record  objectively  and  quantitatively  the  discrimination  by  Mya 
between  two  intensities  of illumination  to  which  it  is  successively 
exposed.  The  indicator  for  this  discrimination  is  a  response  at  a 
given reaction time. 
2.  From  the data so  obtained  it  is  found that  the difference, AI, 
between the two intensities bears no constant relation to  the initial 
intensity, I.  Instead, the ratio 7- varies in a consistent manner with 
I.  As the latter increases, the ratio decreases to a certain point, after 
which it increases. 
3.  The  data  are  analyzed  in  terms  of  the  photochemical 
mechanism previously proposed for the sensitivity  of Mya  to light. 
It is shown that for the animal to discriminate by means of a  given 
reaction between one intensity and another, the transition from one 
to the other must be accompanied by the decomposition of a constant 
amount of photosensitive substance in the sense organ. 
4.  A  mathematical treatment of the behavior of the photochemical 
AI 
mechanism shows not only that  the ratio ~-  cannot be constant as 
required by the Weber-Fechner law, but that it must vary in the way 
in which it does.  The behavior of Mya under these conditions, there- 
fore, supports the validity of the hypothetical physicochemical mecha- 
nism suggested for its sensitivity. SELIG HECHT  373 
BIBLIOGRAPHY. 
Fechner, G. T., Ueber ein wichtiges psychophysisches  Grundgesetz zur Sch~tzung 
der Sterngr6ssen,  Abhandl.  s~chs. Ges. Wissensch.  Math.-Phys. Klasse,  1858, 
iv, 457. 
Hecht, S.,  (a)  The photochemical  nature of the photosensory process,  J.  Gen. 
Physiol.,  1919-20, ii,  229;  (b) Intensity and the process  of photoreception, 
1919-20, ii, 337;  (c) Sensory adaptation and the stationary state,  1922-23, 
v, 555. 
Koenig, A.,  and Brodhun, E., Experimentelle Untersuchungen tiber die psycho- 
physische  Fundamentalformel in  Bezug  auf  den  Gesichtsinn,  Sitzungsber. 
Akad. Wissensch.,  1889, 641.  Reprinted in Koenig, A., Gesammelte Abhand- 
lungen, Leipsic, 1903, 135. 
Weber, E. H., De pulsu,  resorptione, auditu  et tactu annotationes anatomica~ 
et  physiologic,~, Leipsic,  1834.  Author's  summary: Ueber  den  Tastsinn, 
Arch. Anat. u. Physiol., 1835, 152. 